Hairball formation may induce vomiting and intestinal obstruction in predisposed cats. Some insoluble fibres as sugarcane fibre and cellulose can prevent hairball formation. The aim of this study was to evaluate the effect of beet pulp consumption, a moderate soluble and fermentable fibre source, on faecal trichobezoars excretion in adult shorthaired cats fed kibble diets. Eighteen mixed-breed shorthaired cats and three extruded diets were used as follows: a basal diet without added fibre source (PB0-8.8% dietary fibre); BP8-8% inclusion of beet pulp (17.5% of dietary fibre); BP16-16% inclusion of beet pulp (23.8% of dietary fibre). The cats were fed during 31 days and faeces quantitatively collected during three periods of 3 days each (from days 3-5; 15-17; 26-28). Gastrointestinal transit time was determined in the last 3 days of study (from days 29-31). The trichobezoars were separated from faeces, collected, dried and washed in ether for complete removal of all faecal material. The results were submitted to repeated-measure analysis of variance and means evaluated by polynomial contrast (p < 0.05). Beet pulp increased faecal production (p < 0.001) and reduced gastrointestinal transit time (p = 0.003). No alterations were found on trichobezoar faecal excretion, both as considered in number per cat per day of mg per cat per day (p > 0.05). Beet pulp intake did not reduce the number or the size of hairballs eliminated via faeces of shorthaired cats.
Introduction
Grooming behaviour is part of the feline daily hygiene, and consequently, cats swallow high amounts of hair. Usually the ingested hair is eliminated on faeces; however, large quantities can accumulate in the digestive tract forming the trichobezoars (or hairballs). Excessive hair ingestion or altered gastrointestinal motility may predispose hairballs formation (Cannon, 2013) , which may induce vomiting and can cause digestive problems (Beynen et al., 2011; Weber et al., 2015) , mainly for cats predisposed to intestinal obstruction. Some insoluble fibres as sugarcane fibre and cellulose prevent hairballs formation (Beynen et al., 2011; Loureiro et al., 2014; Weber et al., 2015) , possibly due to their influence on gastric motility and dynamic of intestinal peristalsis. The insoluble fibres, however, do not contribute to shortchain fatty acid production and related intestinal health benefits (Fischer et al., 2012) . Moderate soluble and fermentable fibres, such as beet pulp, promote short-chain fatty acid formation (Calabro et al., 2013) and are capable of altering gastrointestinal transit time (Fahey et al., 1990) , but it seems to be less effective to prevent hairball formation. To better define this, this study evaluated the effect of beet pulp on gastrointestinal transit time and trichobezoars faecal excretion on cats fed kibble diets.
Materials and methods

Animals and experimental design
All experimental procedures were approved by the Ethics and Animal Welfare Committee of the Faculdade de Ciências Agr arias e Veterin arias, UNESP-Univ Estadual Paulista, Jaboticabal, Brazil (Protocol 3567/ 15).
Eighteen mixed-breed shorthaired cats, with 8.0 AE 1.9 years old, 4.8 AE 1.1 kg of body weight and mean body condition score of 5.1 AE 0.8 (Laflamme, 1997) , were used. The animals were kept under similar conditions and belonged to the Laboratory of Research on Nutrition and Nutritional Diseases of Dogs and Cats, Jaboticabal, Brazil.
The study followed a completely randomized design with three diets and six cats per diet. The experiment lasted 31 days, and faeces collection for hairball quantification was performed during three periods of 3 days each: from day 3 to 5; day 15-17; day 26-28. In the last 3 days (day 29-31), the gastrointestinal transit time of the cats was determined.
During adaptation, from 16:00 h to 08:00 h, the cats were restricted to individual stainless steel metabolic cages (0.80 m 9 0.80 m 9 1.0 m), when their experimental foods and water were available. From 08:00 h to 16:00 h, the cats were kept in a collective cattery of 50 m 2 for exercise and socialization, where they had access to water but not to food. During the faecal collection periods, cats were restrained all time to their cages.
The daily amount of food was defined according to the energy maintenance requirements of cats, calculated as 418 kJ of metabolizable energy (ME) per kg 0.67 per day. Food ME was estimated from their chemical composition, according to NRC, National Research Council (2006) . Offered and refused foods were daily weighted, and the consumption was recorded.
Diets
Three diets were formulated according to the nutritional recommendations of the European Pet Food Industry Federation (Fediaf, 2011) for adult cats: control diet (BP0)-without added beet pulp (34.8% of crude protein; 12.6% of fat; 8.8% of dietary fibre); inclusion of 8% of beet pulp (BP8-35.3% of crude protein; 13.9% of fat; 17.5% of dietary fibre); inclusion of 16% of beet pulp (PB16-34.4% of crude protein; 13.3% of fat; 23.8% of dietary fibre). The diets were based on maize (26% to 42%), poultry by-product meal (33%), maize gluten meal (11.9%-12.4%), poultry fat (7.4%-7.8%) and minor ingredients (palatant enhancer, salt, potassium chloride, choline chloride, vitamin and mineral supplement, fish oil, mould inhibitor, antioxidant, taurine, DL-Methionine, Llysine). The inclusion of beet pulp was in replacement of maize. Minor adjustments in maize gluten meal and poultry fat led to formulations with similar amounts of crude protein and fat. All diets were mixed and ground in a hammer mill (Sistema Tigre de Mistura e Moagem, Tigre, Sao Paulo, Brazil) fitted with a 0.8-mm screen before being extruded and kibbled under similar processing conditions in a single-screw extruder (MEX 250, Manzoni, Campinas, Brazil) .
Electron micrographs (Scanning Electron Microscope JSM 5410, Jeol Ltda, Akishima, Japan) of the beet pulp used in the experiment were taken to measure the fibre particle size. The beet pulp used was originally pelleted, and the ingredient was ground in a hammer mill with the same sieve screen size used for diet preparation (0.8 mm). To obtain the ingredient height and length, 15 particles of fibre were measured stablishing the mean and the standard error values.
Trichobezoar quantification in cat faeces
The faecal hairball excretion was determined according to Loureiro et al. (2014) . During the collection periods, the total faecal material was collected from the cages at least two times a day, weighed, pooled by cat and frozen (À20°C). Prior to analysis, faeces were thawed and a 2 g sample was removed to analyse dry matter content. The remaining faecal material was gently washed with tap water over a sieve with 0.8-mm screen size until all faecal material was removed and only hair remained. The remaining trichobezoars were collected and dried in a forced air oven at 55°C for 24 h (320-SE, FANEM, São Paulo, Brasil), and then washed in a 1:1 (v/v) solution of ethylic diethyl ether and petroleum diethyl ether until all foreign materials were removed from the sample. The isolated trichobezoars were classified according to size in small (<1 cm), medium (1.1-2 cm) or large (>2.1 cm), counted and weighed (Fig. 1b) .
Gastrointestinal transit time
Gastrointestinal transit time was evaluated according Burrows et al. (1982) . On days 29, 30 and 31, the cats were fed at 16:00 h and immediately after the first act of food intake was orally dosed with gelatin capsules containing 12 radiopaque markers (Sitzmarks, Konsyl Pharmaceuticals Inc., Fort Worth, Texas USA). The markers were 4.5 mm in diameter and densities of 1.25 g/ml. On each day, a different marker format was utilized, allowing three consecutive observations. The time of the marker administration was registered, and the cages were observed at 2-h intervals until the last marker was recovered in the faeces. All faeces were collected, weighed and the time of sampling recorded. When the exact time of elimination was not observed, the mean time between samplings was considered for diet comparison. All faeces were radiographed and the markers counted. The gastrointestinal transit time was computed as the time interval (in hours) between the food intake and capsule administration and the time of the faeces production containing the last marker recovered. The gastrointestinal transit time was the average for the 3 days of observation. In addition, the marker recovery rate was computed, and to validate the observation, a minimum recovery rate of 90% of the markers was established (Loureiro et al., 2016) .
Statistical analysis
Data were analysed as a completely randomized design, with three diets and six cats per diet, using the general linear model procedures of the Statistical Analysis Systems statistical software package version 9.0 (SAS Institute, Cary, NC, USA). The experimental unit was one cat. Repeated-measures analysis of variance (ANOVA) with two interanimal factors (diet and period) and one intra-animal factor (day of sampling) was the statistical method used to evaluate the effects of diet and time on trichobezoars. When the ANOVA F test results were statistically significant, pair-wise means comparisons were made using Tukey's test. If the diet*time interaction was not significant, the mean of the three periods of evaluation was used to compare the diet effects, and the results were submitted to polynomial contrasts to evaluate the inclusion levels of beet pulp. Data of food intake and gastrointestinal transit time were submitted to analysis of variance, when differences were found on the F tests, and results were also submitted to polynomial contrasts. Values of p < 0.05 were considered significant and values of p < 0.1 as trend. All data were found to comply with the assumptions of ANOVA models.
Results
The electronic scanning microscopy indicated heterogeneous particles size of the grind beet pulp, with average length and height of 653 AE 187 lm and 346 AE 127 lm respectively ( Fig. 1 a1 and a2) .
All diets were well accepted by the cats, with no episodes of refusals, vomiting or diarrhoea. A quadratic effect of beet pulp addition was verified for food consumption (Table 1) , with lower intake for the PB8 diet. Faeces production increased linearly with beet pulp inclusion (p < 0.001), doubling in amount for the PB16 in comparison with the PB0 diet. The gastrointestinal transit time presented a quadratic reduction, with lower values for the PB16 diet (p < 0.008).
Regarding the hairball faecal excretion, there was no interaction between diet and time for any studied parameter (p > 0.05); therefore, the observations of the three faeces collection periods were combined for analysis. The excretion of trichobezoars in cat faeces was similar among foods, both when evaluated in 
Discussion
In the present study, beet pulp inclusion in dry cat diets did not reduce trichobezoar excretion nor reduced the size of the trichobezoars on faeces after 26 days of feeding. The tendency of reduction in trichobezoars numbers per 100 g of faeces seems to be an effect of the total amount of faeces produced daily, which was higher for cats fed the PB16. Cats fed BP8 consumed less DM and produced lower amount of faeces, thus explaining the numerical increase on hairballs per 100 g of faeces. The lower dry matter consumption by the cats fed with the BP8 diet was not expected. However, despite the differences in DM and energy consumption, the cats fed this diet were able to keep their body weight during the experimental period. It is not possible to know whether the animals consumed less due a possible low diet palatability, or whether the cats of this group had lower maintenance energy requirement. Palatability issues are not very probable because cats fed PB16 ate more food, even with the higher beet pulp inclusion of this diet. Anyway, this lower DM intake interfered on the faeces excretion, and possibly also on hair excretion via faeces, a limitation that need to be considered. However, as the cats fed the BP16 diets consume more food and excreted more faeces, this feeding group support the lack of effect of beet pulp on trichobezoars faecal excretion.
The method used in the present study allows identifying direct effects of fibres on hairball excretion via faeces, and hairballs are easily separated from faecal material during washing, measured and weighting. Other proposed methods only studied the amount of hair on faeces (Weber et al., 2015) , and not allow to study directly the trichobezoars formation. The method, however, was applied to laboratory shorthaired cats, without history of hairball formation or problems, and during a relatively short time. Due to this, caution is needed to extrapolate results to other cat breeds or living conditions.
The present findings are in contrast from those reported by Loureiro et al. (2014) , after insoluble non-fermentable fibre addition to diets. Those authors found a linear reduction in hairballs number and size in the faeces of cats fed diets supplemented with sugarcane fibre. The methodology used by those authors was the same of the present study and maybe the differences on results could be attributed to differences on the influence of these two fibre sources on gastrointestinal peristalsis. The preventive effect of the fibres on hairball formation has been attributed to alterations on gastric motility and intestinal peristalsis dynamics (Krugner-Higby et al., 1996; Loureiro et al., 2014) , and even beep pulp supplementation increasing the gastrointestinal transit time, differences on fibre chemical composition, particle size, soluble to insoluble dietary fibre ratio and microbial degradation on the gut may not promote reduction of hair entanglement. Purified cellulose, another source of insoluble and non-fermentable fibre, was effective in reducing clinical hairball symptoms (Beynen et al., 2011) and inducing higher hair excretion in faeces of longhaired cats (Weber et al., 2015) . Thus, it is possible that the physico-chemical, and the shape and size attributes of the fibre are important for their effect on hairballs. Sugarcane fibre and purified cellulose are both filamentous fibres obtained from the stem of the plant, meanwhile beet pulp is obtained from the root of the Beta vulgaris. It is possible that the filamentous fibres can be more effective in altering the stomach peristalsis, explaining their better effect on hairball prevention. Health problems related to hairball formation in the gastrointestinal tract include coughing, retching and vomiting, which are very undesirable by cat owners (Beynen et al., 2011) . This condition has been little studied, as well as the potential effect of the dietary intervention to ameliorate the problem (Dann et al., 2004; Loureiro et al., 2014; Weber et al., 2015) . It is expected that the hair ingested during grooming be eliminated by vomiting or in the faeces, as its structure is hardly digested. Its elimination by vomiting is perceived by the owner as a health concern, but in fact, its health implication is not completely studied at the moment. On the gastrointestinal tract, the swallowed hair can entangled forming trichobezoars. It is believed that a reduction in trichobezoars number or size facilitates their faecal excretion and reduces the chance of coughing, retching, vomiting or intestinal obstruction. To verify this assumption, however, longterm studies in cats with recurrent hairball problems are necessary.
The shedding season seems to be an important factor, which influences faecal hair excretion (Hendriks et al., 1998) . Coat type is also an issue, and long hair cats appear to be more prone to hairball problems (Cannon, 2013) and excrete more hair in the faeces (Weber et al., 2015) . Unfortunately, none of these factors could be considered during the conduction of the present study and are limitations to be considered.
Conclusion
Beet pulp addition to extruded diets increased faecal output and reduced gastrointestinal transit time, but it did not reduce the number or the size of hairballs eliminated via faeces of shorthaired cats.
